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(54) Judgement unit for ophthalmologic apparatus 



(57) An ophthalmic apparatus for photographing an 
eye to be examined having a photographing optical sys- 
tem for photographing the eye, the apparatus compris- 
ing a judging device forjudging whether or not a picture 



image photographed by the photographing optical sys- 
tem satisfies a predetermined image requirement, an in- 
forming device for informing a result judged by the judg- 
ing device. 
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Description tography on each examinee is carried out first and then 

the photographed picture images saved upon photo- 

BACKGROUND OF THE INVENTION graphing are later analyzed all together. However, it is 

inconven ient not to find out whether retake is necessary 

1. Field of the Invention s until the analysis is done. 



[CX>01 ] The present invention relates to an ophthalmic 
apparatus tor photographing an eye to be examined in 
order to use the photographed picture image in exam- 
ining or analyzing a condition of the eye. 

2. Description of Related Art 

[0002] As for this kind of apparatus, one known ex- 
ample is an apparatus which optically cuts an anterior 
part of the eye with slit light and photographs a sectional 
image thereof with a photographing optical system pro- 
vided in accordance with the Scheimpflug's principle. 
The photographed picture image is then analyzed to lo- 
cate an opaque area in the crystalline tens or in the cor: 
nea, and also to find out its opacity degree. 
[0003] The apparatus has a photographing mode for 
photographing and saving a picture image of the eye 
and also an analyzing mode for performing a predeter- 
mined image analysis of the picture image photo- 
graphed and saved in the photographing mode. In the 
photographing mode, an examiner sets a photograph- 
ing condition such as quantity of illumination slit light and 
the like, and then photographs the eye. After shifting to 
the analyzing mode, the examiner enters operation 
commands such as selecting analysis items, designat- 
ing a range to be analyzed and the like. In accordance 
with these operation commands, the apparatus exe- 
cutes a predetermined analysis program thereby to cal- 
culate a result. 

[0004] in order to obtain a highly reliable result 
through analyzing the photographed picture image ob- 
tained in the above-descrbed manner, it is necessary 
that the photographing condition in the photographing 
mode such as quantity of light should be suitable so as 
to meet a predetermined requirement for analysis. 
[0005] However, whether or not the photographed im- 
age satisfies the predetermined requirement for analy- 
sis can not be judged until the apparatus goes into the 
analyzing mode and executes the analysis program 
thereby to obtain the result. If it turned out that the pho- 
tographed picture image does not satisfy the predeter- 
mined requirement for analysis, the analyzing mode has 
to be again shifted back to the photographing mode. 
Thereafter, the photographing condition is adjusted 
based on the result of analysis in order to start over the 
photography on the same eye again. This retake proce- 
dure requires many operations and time, thus work ef- 
ficiency thereof is k>w. In additbn. a long duration of time 
on the retake procedure imposes heavy burden on the 
- examinee. 

[0006] Furthermore, when dealing with a great 
number of examinees, it is usually the case that the pho- 



SUMMARY OF THE INVENTION 

[0007] The present invention has been made in view 
10 of the above circumstances and has an object to over- 
come the above problems and to provide an ophthatmk: 
apparatus with which an examiner can easily find out 
whether or not a photographed picture image is in a suit- 
able condition for image analysis. Consequently, saving 
IS the picture image or retaking another picture image can 
be operated with efftciency. 

[0008] . Additional objects and advantages of the in- 
vention will be set forth in part in the description which 
follows and in part will be obvious from the description, 
20 or may be learned by practice of the invention. The ob- 
jects and advantages of the invention nray be realized 
and attained by means of the instrumentalities and com- 
binations partk:ularty pointed out in the appended 
claims. 

25 [0009] To achieve the objects and in accordance with 
the purpose of the present invention, as embodied and 
broadly described herein, an ophthalmic apparatus for 
photographing an eye to be examined having a photo- 
graphing optical system for photographing the eye com- 

30 prises judging device forjudging whether or not a picture 
image photographed by the photographing optical sys- 
tem satisfies a predetermined image requirement, in- 
forming devk:e tor informing a result judged by the judg- 
ing device. 

35 [0010] As has been described above, according to the 
present invention, it takes comparatively short time to 
judge whether or not the picture image is in the suitable 
condition for the image analysis, and therefore, the re- 
take procedure, if necessary, can be handled immedi- 

40 ately. In addition, the photographing condition for the re- 
take is automatically adjusted and thereby to reduce a 
waiting time as well as burden on the examinee. It is 
convenient, especially when dealing with a great 
number of examinees, to be able to obtain picture im- 

45 ages in desirable conditions with efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, which are incor- 
50 porated in and constitute a part of this specification, il- 
lustrate embodiments of the present invention and, to- 
gether with the description, serve to explain the objects, 
advantages and principles of the invention. In the draw- 
ings. 

55 

Fig. 1 is a view showing constructions of optical sys- 
tems of a preferred embodiment of the present in- 
vention; 
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Fig. 2 is a view showing constructions of signal 
processing of a photographing unit 100 and of an 
image analyzing unit 200 in the embodiment of the 
present Invention; 

Fig. 3 is a view showing a photography control 
menu on a display; 

Fig. 4 is a flow chart showing a procedure upon pho- 
tography; and 

Fig. 5 is a view showing an example of a screen on 
- the display. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] A detailed description of one preferred embod- 
iment of an ophthalmic apparatus for photographing an 
eye to be examined embodying the present invention 
will now be given referring to. the accompanying draw- 
ings. Fig. 1 is a view showing constructions of optical 
systems of a photographing- analyzing apparatus, 
which photographs a cross section of an anterior part of 
the eye in order to analyze opacity degree of a cornea 
of the eye. 

<Slit light projecting optical system> 

[001 3] Reference numeral 1 denotes a reflecting mir- 
ror, 2 is a flash lamp for photography, 3 is a condenser 
lens. 4 is a slit aperture diaphragm, 5 is a projecting lens, 
and 6 is a dichroic mirror which is disposed slantingly 
on an optical axis LI of a slit light projecting optical sys- 
tem. The diaphragm 4 is a variable diaphragm of which 
slit can be lengthened or shortened, and the dichroic 
mirror 6 has characteristics of transmitting most of visi- 
ble light but reflecting infrared light. 

<Sllt section photographing optical system> 

[001 4] Reference numeral L2 denotes a photographic 
optical axis of a slit sectbn photographing optical sys- 
tem. 10 is a deflection angle prism to change a direction 
of the optical axis L2. 11 is a photographing lens, 12 is 
an anamorphic lens, 13 is a CCD camera for photo- 
graphing a section. The optical axis L2 Is disposed so 
as to intersect an optical axis Li at an inclination angle 
of 45 • near a corneal vertex when an alignment is al- 
most completed by observing from in from. The lens 11 
is arranged inclined to the optical axis L2 of which direc- 
tion can be changed by the prism 10, so as to fulfil the 
Scheimpflug's principle. That is to say, the lens 11 is ar- 
ranged so that, without the prism 10. an extension of an 
inriaging plane 1 3a of the CCD camera 1 3 and an exten- 
sion of a slit section of the anterior part of the eye E 
being optically cut by the slit illumination light would in- 
tersect on an extension of a principal plane of the pho- 
tographing lens 11. According to this optical arrange- 
ment, a sectional Image photographed by the CCD cam- 
era 13 (an image of a slit section formed around a col- 



lective point of the slit light by the scattered light from 
biomolecules of the anterior part of the eye) is allowed 
to hold a focal depth which focuses on the approximate 
entire sectional image. 

5 

<Alignment target projecting optical system> 

[0015] Reference numeral 20 denotes a couple of 
light sources for alignment which project an alignment 

10 target from the front the eye E (a direction of a visual 
axis). The light sources 20 are also utilized as fixation 
light sources, and therefore emit infrared light which par- 
tially includes visible light. Each of the light sources 20 
is disposed for a right eye and a left eye at positions 

IS where suitably con-espond to inclinations of the visual 
axes of each eye. 21 is a target plate having pin-hole 
apertures along projection optical axes of the light 
sources 20. 22 is a projecting lens and 23 is a beam 
splitter. The target plate 21 is positioned near a front fo- 

20 cal point of the projecting lens 21 . Alignment light pro- 
jected onto the eye E is reflected from the cornea in a 
manner of surface reflection, and thereby forming a tar- 
get image of the target plate 21 at a distance equal to 
one half of a radius of a corneal curvature inwardly from 

25 a corneal vertex of the eye E. 

<Front observing optical system> 

[0016] Reference numeral 24 denotes a photograph- 
30 ing lens, 25 is a beam splitter, and 26 Is a CCD camera 
for observing a front side having its sensitivity within an 
infrared region. 27 is an infrared-illumination light 
source for illuminating the anterior part of the eye E. The 
image of the anterior part of the eye E illuminated by the 
35 infrared-Illumination light source 27 is first reflected by 
the dichroic mirror 6, successively goes through the 
beam splitter 23, the lens 24 and the beam splitter 25 
and then photographed by the CCD camera 26. 

40 <Front reticle optical system> 

[0017] Reference numeral 30 denotes a reticle plate 
illumination light source. 31 is a retble plate in which an . 
aiming mark is formed and 32 is a reticle projecting lens. 

45 The light source 30 illuminates the aiming nnark formed 
in the reticle plate 31 . After passing through the lens 32, 
the image of the aiming mark is reflected by the beam 
splitter 25 and then photographed by the CCD camera 
26 along with the image of the anterior part of the eye 

50 and the target Image. 

[0018] In the above-described optical systems, the slit 
section photographing optical system and the dia- 
phragm 4 are structured so as to be rotated about the 
optical axis LI by.a rotation mechanism 70 (see Fig. 2). 

55 This altows the sectional image to be photographed at 
any desired angle. For this rotatbn mechanism, various 
known mechanisms may be applied. One example is to 
provide a gear for a housing which stores optical sys- 
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terns therein. Rotatbn is accomplished by a rotation 
pulse rTK>tor provided with a pinion which fits the gear. 
[001 9] Fig. 2 is a view showing constructions of a con- 
trol system of the apparatus. The control systems of a 
photographing unit 100 and of an image analyzing unit 
200 will be explained separately. 

<Photographing unit> 

[0020] A video signal from the CCD camera 1 3 is dig- 
itized by an A/D converting circuit 44 and then inputted 
to a frame memory 45 being synchronized with a signal 
generated by a timing generator 50. The picture signal 
inputted to the frame memory 45 is converted to a video 
signal by a D/A converting circuit 46 and then transmit- 
ted to an image change-over circuit 47. In response to 
a change-over signal from a control unit 60, the circuit 
47 switches an Image io be displayed on a display 51 
between Images taken by the CCD camera 13 and by 
the CCD camera 26. An image synthesizing circuit 52 
synthesizes various information display generated by a 
display circuit 53 with the picture images inputted there- 
to so as to display on the display 51 . 
[CX)21] The sectional image of the anterior part ol the 
eye which is frozen into the frame memory 45 upon pho- 
tographing is transferred to the image analyzing unit 200 
via an interface circuit 71 at an input from an image 
transfer switch 64. 

[0022] The control unit 60 also controls adjustment of 
quantity of light that the flush lump 2 emits, as well as 
* driving of the rotation mechanism 70 in accordance with 
a command signal cariying a photographing condition 
set in the analyzing unit 200. 

<lmage analyzing unit> 

[0023] Reference numeral 201 denotes a computer 
unit which conducts image processing on pictohal data 
(image data) representing the sectional image inputted 
from the photographing unit 100 thereby making analy- 
sis. The computer unit 201 is provided with memory for 
saving the pictorial data and memory for storing an anal- 
ysis program to carry out the image analysis therein. In- 
put to the computer unit 201 can be made to set up the 
photographing condition such as the quantity ot light that 
the flush lump 2 emits (Flush Level), the length of the 
slit upon photographing (Slit Length), a number (FILE 
No.), which is necessary upon saving the photographed 
picture image Into the computer, the angle of the photo- 
graphic axis (AXIS) and the like. 
[0024] Reference numeral 204 denotes a color dis- 
play which displays the picture image saved in the com- 
puter unit 201 and the result of analysis. A keyboard 
202, a mouse 203 and the like are connected to the com- 
puter unit 201 to input operation commands. A video 
- printer 205 which is capable of printing out the result of 
analysis along with the picture image is also connected 
to the computer unit 201 . 



[0025] Hereinafter, a description will be made regard- 
ing operations of the ophthalmic apparatus for photo- 
graphing an eye to be examined having the above-de- 
scribed configuration with refen-ing to the flow chart 

5 shown in Fig. 4. An examiner first selects a photograph- 
ing mode with the mouse 203 from a main menu being 
displayed on the display 204, thereby to alternatively 
display a photography control menu 80 shown in Fig. 3 
(STEP 1 ). Next, the examiner sets necessary condition 

10 by directly inputting letters and numbers in slots for FILE 
No. 81 , Flash Level 82, Slit Length 83 and AXIS 84, or 
by selecting a photographing conditbn with scroll but- 
tons 85 beside each slot. Brightness of the flush level 2 
is divided into four levels: 200 WS, 150 WS, 100 WS 

IS and 50 WS. An appropriate level is selected in accord- 
ance vwth the opacity degree of the cornea of the eye 
(STEP 2). 

[0026] After the photographing condition is all set, an 
eye of the examinee to be photographed is positioned 

20 at a predetermined position of the photographing unit 
100 for carrying out the photography. To correct devia- 
tion between the visual axis and the optical axis, whk:h 
allows the right eye and left eye to be photographed un- 
der the even condition, one of the two light sources 20 

25 which corresponds to the eye being photographed is se- 
lectively lit. The eye being photographed is fixed to the 
target plate 21 provided in the alignment target project- 
ing optical system, which at this time functions as the 
fixation optical system. The examiner moves a photo- 

30 graphing optical system (the optical systems) provided 
in the photographing unit 100 in vertical and horizontal 
directions relative to the eye being photographed by op- 
erating an unillustrated joystick or the like and thereby 
making predetermined relationship between the align- 

35 nnent target image and the reticle (aiming mark) image. 
In addition, the photographing unit 100 is shifted in a 
back-and-forth directk>n to a point where the alignment 
target image becomes the smallest and clearest so as 
to accomplish alignment of a woricing distance. 

40 [0027] When the two axes are brought into coinci- 
dence with each other by observing the front image and 
the alignment of the working distance is completed, the 
examiner depresses a photography switch 61. When 
the photography switch 61 is depressed, the control unit 

45 60 makes the flush lump 2 flush, and thereby carrying 
out photography. Since the slit-section photographing 
optical system arid the diaphragm 4 are being rotated 
by the rotation mechanism 70 in accordance with the 
photographic angle set up on the menu 80, a cross see- 
so tion can be photographed at an intended axial angle 
(STEP 3). 

[0028] The corneal section whbh is cut optically by 
the silt illumination is photographed by the CCD 1 3 and 
the photographed picture image is frozen into the frame 
55 memory 45. The control unit 60 sends a change-over 
signal to the circuit 47, thereby switching a display 
screen on the display 51 to the sectional inr^ge being 
frozen in the frame memory 45. The examiner visually 
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checks displacement of the sectional image and the like 
on the screen. If the picture image is satisfactory, the 
examiner depresses the image transfer switch 64. and 
if not. depresses a cancellation switch 63 (STEP 4). 
[0029] In response to the input signal from the switch 
64, the control unit 50 transfers the picture image of the 
corneal section lo the computer unit 201 in the analyzing 
unit 200 via the circuit 71 . The display 204 displays the 
picture image transferred thereto. When the photo- 
graphed picture image is inputted from the photograph- 
ing unit 100, the computer unit 201 judges whether or 
not the photographed picture image meets the require- 
ment to carry out iniage analysis. The judgement is 
made in the following way. In the analyzing mode, inten- 
sity values which represent brightness of each pixel of 
the photographcc picture image are divided into 256 lev- 
els ranging irom 0 to 255 cct in order to carry out the 
image analysis The opacity degree is analyzed tsased 
on the intensity vnlues which are divided into these lev- 
els. Therelorc d judgement regarding the requirement 
for the analysis ib made based on the intensity values. 
[0030] First, the highest intensity value among the pix- 
els along one scanning line of one picture image is de- 
tect. The detection is repeated on every scanning line 
sequentially II an intensity value which exceeds a pre- 
determined threshold intensity value (for example, 200 
cct) is detected, the photographed picture image is then 
jugged not to meet the requirement for the analysis 
(STEP 5. STEP 6) This procedure allows to prevent the 
intensity value representing the peak intensity from ex- 
ceeding the upper limit (255 cct) even in the cases 
where the opacity is in a developed stage. Accordingly, 
the result with relatively high reliability can be obtained. 
[0031 ] If any of the detected intensity values exceeds 
the predetermined threshold intensity value, a confirma- 
tion rhenu 90 and a graph 91 are displayed on the dis- 
play 204 along with the photographed picture image of 
the comeal section as shown in Fig. 5 (STEP 7). The 
confirmation menu 90 Is utilized to select either to save 
or to abandon the photographed image, and the graph 
91 shows a line which connects the intensity values de- 
tected along each scanning line. The menu 90 is dis- 
played in a position to avoid blocking other information 
provided on the screen and a range 92 is indk:ated in 
the graph 91 lo clearly show a range in which the inten- 
sity values exceed the threshold intensity value. With 
reference to the information provided on the screen^ the 
examiner decides whether or not to save the photo- 
graphed picture imagd and then depresses a SAVE but- 
ton 90a to save the image, or a RETAKE button 90b to 
abandon the image (STEP 8, STEP 9). 
[0032] At a click on the RETAKE button 90b, the com- 
puter unft 201 abandons the photographed picture im- 
age. Thereafter, the computer unit 201 reduces the 
brightness of the flush lump 2 by one flush level as prep- 
aration to carry out photography again under the same 
FILE No., Slit Length and AXIS (STEP 10). 
[0033] At a click on the SAVE button 90a, on the other 



hand, the computer unit 201 saves the photographed 
image and then nnake preparation for photographing a 
new picture irriage (STEP 11). 
[0034] If it is judged that the photographed picture im- 

s age does not satisfy the requirement for analysis, the 
screen for confirmation, as shown in Fig. 5. may not 
have to be displayed. Instead, it may be possible to sim- 
ply display that the photographed picture image does 
not meet the requirement, and then to automatically 

TO move on to the preparation for retake procedure. 
[0035] On the other and, when it is jugged that the 
photographed picture image satisfies the requirement, 
the computer unit 201 automatically saves the photo- 
graphed picture image and then make preparation for 

IS new photography 

[0036] As has been described above, an immediate 
check can be made, without shifting to the analyzing 
mode, as to whether or not the photographed picture 
image is in a desirable condition. Therefore, it requires 

20 a relatively short lime even when photography has to be 
done again. In addition, since the photography conditwn 
upon the retake is autonriatically adjusted with reference 
to the condition of the picture image previously photo- 
graphed, burden imposed on the examinee can be kept 

25 minimum. This also allows shorten time required in the 
retake procedure and thus the waiting time of the exam- 
inee is shortened as well. 

[0037] When the photographed picture image is 
saved in the above-described manner, the photograph- 

30 rng mode is then switched to the analyzing rrvDde where 
analysis menus are selected to calculate the analysis. 
In the analyzing mode, it is obtained that the intensity 
values (density values which represent light and shade) 
of each pixel of the photographed picture image of the 

35 corneal section. Varies analyses are made all based on 
the intensity values. Referring to the analyses, the fol- 
towing are available. To visually capture the positbn of 
the opaque area and its opacity degree in the sectional 
image of the cornea, a horizontal direction and a vertical 

40 direction of the photographed image of the corneal sec- 
tion in Fig. 5 are respectively expressed by X and Y co- 
ordinates. The position of the peak intensity values 
atang the X axis are displayed overlapping with the pic- 
ture image of the comeal section together with a graph 

45 indicating the peak intensity values. In addition, by des- 
ignating an intended range, the peak intensity value is 
integrated and shown graphk:ally or all the intensity val- 
ues on the scanning line are integrated and expressed 
numerically. As for the details of the analyses, see Jap- 

so anese Patent KOKAI (unexamined application) Publica- 
tion No. HEI 10-33482 corresponding to U. S. Patent 
No. 5,864.382. 

[0038] It should be understood that modifications may 
be made in the embodiment described above. One mod- 
ss ificatbn upon photographing a fondus of an eye to be 
examined, for example, is to set up a certain threshold 
level regarding intensity information about an obtained 
picture image or regarding coefficient of correlation be- 
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tween two picture images utOized for a stereophic im- 
age. The threshold level provides a standard upon de- 
ciding whether to save the picture image or to abandon 
the picture image and retake a new one. 
[0039] The foregoing description of the preferred em- 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed, and modifications and variatbns are possible 
in the light of the above teachings or may be acquired 
from practice of the invention. The embodiments chosen 
and described In order to explain the principles of the 
invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
bodiments and with various modifications as are suited' 
to the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims append- 
ed hereto, and their equivalents. 



Claims 

1 . An ophthalmic apparatus for photographing an eye 
to be examined having a photographing optical sys- 
tem for photographing the eye, the apparatus com- 
prising: 

judging device forjudging whether or not a pic- 
ture Image photographed by the photographing 
optical system satisfies a predetermined image 
requirement; 

informing device for Informing a result judged 
by the judging device. 

2. The ophthalmic apparatus according to claim 1, 
wherein the informing device comprises displaying 
device for displaying the result judged by the judg^- 
ing device. 

3. The ophthalmic apparatus according to claim 1 , fur- 
ther comprising: 

saving device for saving the picture image pho- 
tographed by the photographing optical sys- 
tem; and 

command device for giving a save command to 
save the picture image when the judging device 
judges that the picture image satisfies the pre- 
determined image requirement. 

4. The ophthalmic apparatus according to claim 3, fur- 
ther . comprising selecting device tor selecting 
whether or not to make the saving device save the 
picture image when the judging device judges that 
the picture image does not satisfy the predeter- 
mined image requirement. 

5. The ophthalmic apparatus according to daim 1. 



wherein the informing device comprises displaying 
device for displaying the result judged by the judg- 
ing device, and the ophthalmic apparatus further 
comprising: 

5 

saving device for saving the picture image pho- 
tographed by the photographing optical sys- 
tem; 

command device for giving a save command to 
10 save the picture image when the judging device 

judges that the picture image satisfies the pre- 
determined image requirement; and 
display controlling device for making display by 
the displaying device in readiness for new pho- 
tography after the saving device saves the pic- 
ture Image at the save command given by the 
command device. 

6. The ophthalmk: apparatus iaccording to claim l.fur- 
20 ther comprising display device for displaying infor- 
mation including the picture image photographed 
by the photographing optical system. 

7. The ophthalmic apparatus according to claim 1, 
2S wherein the predetermined \mage requirement in- 
cludes iritensity of the picture image photographed 
by the photographing optfcal system. 

8. The ophthalmic apparatus according to claim 1 , f ur- 
30 ther comprising instructing device for giving an in- 
struction to change a photographing condition of the 
photographing optical system when the judging de- 
vice judges that the picture image does not satisfy 
the predetermined image requirement 

35 

9. The ophthalmic apparatus according to claim 8, 
wherein the photographing condilbn includes 
quantity of illumination light upon photographing. 

40 10. The ophthalmic apparatus according to claim 8, 
. wherein the instructing devce comprises signal Is- 
suing device for issuing an instructing signal to au- 
tomatically change the photographing condition. 

45 11 . The ophthalmic apparatus according to claim 1 , fur- 
ther comprising: 

analyzing device provided with a predeter- 
mined analysis program for analyzing the pic- 
50 ture image photographed by the photographing 

optical system; 

nrwde selecting devrce for selecting either a 
photographing mode for photographing the eye 
by the photographing optical system or an an- 
55 alyzing mode for executing the analysis pro- 

gram by the analyzing device; and 
controlling device for activating the judging de- 
vice when the photographing mode is selected 
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by the mode selecting device. 

1 2. The ophthalmic apparatus according to claim 1 , fur- 
ther comprising setting device for variably setting 
the image requirement. s 

1 3. The ophthalmic apparatus according to claim 1 , fur- 
ther comprising setting device for variably setting a 
photographing condition including quantity of illumi- 
nation light, by the photographing optical system. io 

14. The ophthalmic apparatus according to any one of 
the above claims is an apparatus which photo- 
graphs a cross section of an anterior part of the eye. 
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